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ALTER RESULTS FOR SERUM 
L (E2). Cierajd Knee. Gregory Possum, 
, (Dept. Obstetrics and Gynecology, 
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;ay techniques have been developed to 
les in serum without the need to extract 
t assay results on unextracied samples 

* the serum sample. To determine the 

* serum estradiol (Ej) concentrations, 
women (n=20) with regular, cyclic, 
U cycles before and after ingestion of a 
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nd 3 hours after a high lipid meal. All 
>ying 2 different assay systems: SRI E2 
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ined with DPC was 106 pg/mL (16% 
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ingestion of a meal high in lipid content 
Its obtained for serum concentration of 
with the SRI system. Thus, it appcan 
ence the results obtained to different 
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nples should be obtained in a fasting 
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A FARTICLE-BASED BKHTN-AVIDIN SCREENING TEST FOR CCXAINE AND 
BENZOYLECGONINE ON THE BECKMAN ARRAY* 360 SYSTEM. Chan Oh. 
Janet Bui, Julie Kim, Josephine MkhacI, and Anthony Cheng (Beckman Instruments, 
iBCB^c^CA 92621). CUlx]o.t Ci^fS^g i^/. *''''^/«' 

A panidc-bascd tnotin-avidin saecning test for cocaine and its major mctaboBte, 
bcnzoylecgonine, in urine samples has been dcvcl(^)cd. The assay utilizes a latex 
partidc-avvfin-biotinyiated bcozoylccgDaine conjugate and a monodooal antibody as the 
triggei' reagent When the reagents are mixed, agglutinated latex particles are produced 
and cause an increase in turbidity. Tbe rate of the agglutination reaction is monitored 
on the Beckman AJU^Y 360* system, an automated random-access ncphelomcter. 
Qxainc or benzoytecgmiine inhitnts the ag^utinatiai, and the extent of inhibition allows 
the quantitation of the drug in the urine sample. 

Using a cut-off vahic of CLS^g/mU the assay correctly predicted 84 (98^8%) of 85 
urine samples confirmed to be posithr by GC/MS (>0.l5^g/mL). Of 10 GC/MS 
confirmed negative samples, all were shown to be ncgatK-c by this method. Within-run 
coefficients of variation (CVs) were <5% at 0.41ag/mL and 1.6m g/mU Between-run 
CVs were 6JS% and 3.6% at OOSng/mL and 0.73;^ g/mL, respectively. The assay gave 
no false positive results when urine samples separately containing amphetamine (500 
ng/mL), morphine (500*ig/mL), phencydidine {500ng/mL) and ecgoninc (5^ig/mL) 
were analyzed. Sodium ion concentration up to 500 mM m urine sample did not 
interfere with the screening test 

The particle-based biotin-avidin rate nephelometric assay method developed for 
cocaine and bcnzoylccgoainc on the Beckman Array* system is homogeneous, simple, 
fast, precise and easily adaptable to other hapten assays. 



EVALUATION OF THE NEW RADIOIMMUNOASSAY FOR HUMAN C- 
PEPTIDE OF ME2)G£NIX 

Iris Dotschkis, Gerald Steinbach, Michael Stein* and Volker Maier 
Dept. of Internal Medicine, University of Ulm. and Medgenix 
Diagnostics*, Ratingen, Germany. 

Human C-peptide (connecting peptide) originates as a by- 
product of the enzymatic splitting of pro-insulin to insulin. 
However, the half-life of C-peptide is ca. 30 min. compared to 
ca. 5 min of insulin. .Measuring C-peptide it is possible to 
monitor insulin secretion in the presence of antiinsuiin 
antibodies and under reduced insulin secretion resp. insulin 
therapy (exogenous insulin). It contributes to diagnosis of 
hypoglycaemia factitia and insulinoma (insulin suppression test). 

The new method of .MEDGENIX was compared with that of DIAGNOSTIC 
PRODUCTS CORPORATION. In the MEDGENIX procedure ="I Tyr-C- 
peptide competes with C-peptide in the sample for antibody sites 
immobilized on the wall of polystyrene tube for only 3 hours at 
room temperature. After aspiration and a washing step the tubes 
are aspirated again and measured. MEDGENIX uses the MRC 84/510 
standard. Therefore the values determined are about three times 
higher. The minimal detectable dose both assays tested is 
approximately 0.22 ng/ml. Intra-assay and interassay CV are 
similar at 5.3 % resp. 7.2 %. The correlation coefficient is r = 
0.91. 

SUMMARY: The decisive technical advantage of the MEDGENIX test 
seems to be that it is 38 I more rapid and has one pipetting and 
centrifugation step less. However, both assays tested are 
outstanding radioimmtinoassays helping in diagnosis and disease 
with fast and reliable results. 
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AN AUTOMATED CHEMILUMINESCENT IMMUNOMETRIC 
ASSAY FOR P2-MICROGLOBULIN ON THE IMMULITE SYSTEM 

P. Bodbentfcr A. S El Shami, J.-D Lei, H, Wilson (Diagnostic Products Corporatioa Los 
Angeles, CA) 

IMMULITE* Bcta-2 Microglobulin is a solid-phase, tuo-site chcmiluminescent immu- 
non«Tic assa> developed for t}« LMNfULlTE - an automated, contitxious random-access 
system. The ass3>- is designed for measuring pj- microglobulin (p^^^) in scrum and urine as 
an aid in clirucal diagix>sis of aciKc rt«umaioid arthritis and kidnc>' disease. The s> stcm 
ptpets 10 viL of paticrt urine or (diluted) scrum sample and 200 m1- aDtalinc phosphatase 
Cbov tnc calf imcsunc ) cori|ug3icd to monoclonal anti-^2.M amibodv- utto the prDpriciar> Test 
Unit, which encloses a polysi>rcnc bead coated with polyclonal goat aml-p^M anijbod> 
After a 30-minulc incubation at 37°C, the bead undergoes four centrifugal washes, each time 
»iih ^V) J. dcKmurd » *ct. »«« a ctpcQed into a wmp »hich a 10 miegral pan of the 
Tcsj Unit Tte substrate, an adamam> I dioxetanc phosphate ester solution, is added, and the 
cn/> rm xu\ tt> is mcasurol m a himinomctcr al 3r'C. Results are calculated v-ia a stored 
•t -parameter logistic Master Curv e, which has a 4- week stabilit>*. 

IMNa,XrrE Bcta-2 Microglobulin has a detection limit of 0.3 ng/mL (2SD abo\ c 0 dose), 
and a reportable range extending from 10 to 500 ng/mL. Intiaassay CVs were 3.4 - 7.9% 
(jnesm: 29 - 192 no/mi ) and iiacrassay CVs were 7.0 - 10.1% (means: 28-198 ng/mLl 
The assay slwwcd rx> detectable crossieaciiviiy to other substances tested: in particular, 
hnman IgE was found to be nondctectable at coixcnirations as high as 5.0 g/L. Both 
liTOarity-undcr-dilution and spiking rccoxery cxpcrinKnis demonstrated good recoveries. 
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A NEW SCORING SYS 
Ker-Kono Tung . Ru-U 
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Biotin-avidiii immobilization of platelet glycoproteins (BAIPG): a 
new capture assay for the detection of anti-platelet antibodies 
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Abstract 

Several 'capture' assays are currently employed to identify specific platdet antibodies, but all require the use of 
murine monodonal antibodies CMoAbs) against the antigen of interest We have developed a new antigen capture 
assay for the detection of platelet reactive antibodies, based on platelet surface sialoglycoprotein labelling with 
biotin hydrazide, and a foUowing immobilization of the biotinylated platelet proteins to mictotiter wells that had 
been coated with streptavidin. Hie resulting solid phase can then be used in a simple ELISA to detect serum and 
platelet associated antibodies. We describe here two versions of this biotin-avidin immobilization of platelet 
glycoproteins (BAIFG) assay. In BAIPG a^ay type I, the test sera are directly incubated in microtiter wells 
previously coated with streptavidin plus biotinylated platelet proteins. Hie BAIPG type 11 procedure involves the 
incubation of sera with biotinylated platelets before platelet solubilization, and, after platelet lysis, the immobiliza- 
tion of the immune complesces to streptavidin-ooated wells. In both cases, the bound antibcKlies are determined by 
alkaline phosphatase coiyugated anti-human IgG. Using BAIPG type I, positive results were obtained in 7/33 
patients with idiopathic thrombocytopenic purpura QTP), 1/10 patients wi& secondary imrmmft thrombocytopenia 
(SnO and 4/17 with non-immune thrombocytopenia (NE'R. The BAIPG type n test was positive in 13 out of 33 
patients with ITP, in six out of ten patients with SIT. and in three out of the 17 patients with NTT. A comparison 
between BAIPG and monoclonal antibody immobilization of platelet antigens (MAIPA) assays showed a high 
degree of correlation between the two methods. These results suggest that the BAIPG assay is a valuable new tool 
for tlie detection of anti-platelet antibodies. 

Keywords: Immune thrombocytopenia; Anti-platelet antibody; Biotin-avidin immobilization; Platelet glycoprotein 



AbbreviatioBs: IT, immune thramboqrtopenia; ITP, idiopathic thrombocytopenic purpura; STT, secondary immune thrombocy- 
topenia; NTT, ncn-immone thrombocytopenia; BAIPG, biotin-avidin immobilization of platelet glycoproteins; MoAbs, murine 
monodonal antibodies MAIPA, monodonal antibody immobUlzatton of platelet antigens 
* Corresponding author. At: Istituto di Semeiotica Medica, via Ospedale 105. 351(H) Padua, Italy. Far 39-49^7391. 
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1. Introduction 

Platelet destruction in immune thrombocy- 
topenia QT) is due to specific autoantibodies that 
bind to platelet surface antigens or to immune 
complexes which bind non-specifically to platelet 
Fc receptor. 

The several assays to detect platelet antibodies 
can be divided into three general groups (Sinha 
and Kelton, 1990). Phase I assays are biological 
methods based on the demonstration of 
antibody-mediated platelet aggregation or lysis, 
but they lack both sensitivity and specificity for 
immune thrombocytopenia, and arc no longer 
used. Phase II assays include immunological pro- 
cedures, such as complement fixation, antiglobu- 
lin consumption, ELISA, RIA and immunofluo- 
rescence that measure platelet-associated 
(PAIgG) and platelet bindable (SPBIgG) im- 
munoglobulins, and determine the amount of Ig 
bound or bindable to the surface of whole or 
lysed platelets. It is generally agreed that these 
assays have a high sensitivity but a low specificity 
for IT (Kclton et al., 1982; Mueller-Eckhardt et 
al., 1980) because they are inappropriate for dis- 
tinguishing immune complexes from true anti- 
platelet antibodies. Phase III assays consists of 
immunoblotting, immunoprecipitation and *cap- 
ture' methods, that identift^ the specificity of 
platelet reactive antibodies. In the 'capture meth- 
ods*, human antibody bound to platelet glycopro- 
tein is captured in the solid phase by murine 
monoclonal antibodies (MoAbs) specific for dif- 
ferent epitopes of platelet surface glycoproteins. 
The major limitation of these techniques is the 
cost of the several monoclonal antibodies re- 
quired and the presence of human natural anti- 
mouse immunoglobulins. 

In this report, we describe a new capture pro- 
cedure based on platelet surface glycoprotein la- 
belling with a biotin derivative, and the subse- 
quent immobilization of the biotinylated platelet 
proteins to microtiter wells by a specific interac- 
tion with streptavidin bound to the plastic. There- 
fore, only biotinylated platelet surface antigens 
are bound to the solid phase and can be used in 
an ELISA to detect serum and platelet associated 
antibodies. The biotin-avidin immobilization of 



platelet glycoproteins (BAIPG) assay described 
here requires small amounts of platelet proteins, 
does not require radiolabels or electrophoretic 
separation of platelet proteins, is simple to per- 
form and is applicable to large-scale screening. 
With BAIPG, it is not possible to ascertain the 
specificity of anti-platelet antibodies, and the 
method is proposed as a screening capture assay 
before the application of phase III methods. 



2. Materials and methods 
2.7. Sera 

Sera were obtained from 33 patients with idio- 
pathic thrombocytopenic purpura (ITP), ten pa- 
tients with secondary immune thrombocytopenia 
(SIT) (four lymphomas, five systemic lupus ery- 
thematosus, one systemic scleroderma), 17 pa- 
tients with non-immune thrombocytopenia (NTT) 
and ten control subjects. Two HPA-la antisera 
were used as positive controls. 

2.2. Monoclonal antibodies 

Murine monoclonal antibodies against GPlba 
(U-P19, U-IBIO), GPnb/IIIa complex (LJ-P9. 
LJ-CP8) and GPIX (1J-RA8) were used as puri- 
fied heavy and light chain fractions; these mono- 
clonal antibodies were a gift of Dr. Z.M. Ruggeri 
(Scripps Clinic, La JoUa, CA, USA) and have 
been previously characterised (Murata et al, 1991; 
Handa et al., 1986; Trapafii Lombardo et al., 
1985; Niiya et al., 1987). Murine monoclonal anti- 
bodies AN51 (specific for GPIba) and CLB- 
Thromb/1 (specific for GPIIIa (C17)) were pur- 
chased from Dakopatts (Glostrup, Denmark) and 
CLE (Amsterdam, Netherlands) respectively. The 
negative control consisted of murine monoclonal 
antibody OKB2 (CD24, Ortho Diagnostic System, 
Beerse, Belgium). 

23. Platelet biotlnylation 

Platelets were labelled with biotinamido- 
caproyl hydrazide (BACH) as we previously de- 
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scribed CFabris et al., 1992) with minor modifica- 
tions. Briefly/ sodium metaperiodate (Sigma 
Chemical Co^ St. Louis, MO, USA) oxidation 
was blocked by adding PBS pH 73 (1:5, v/v), and 
the pellet was washed once with PBS/IQ mM 
EDTA pH 7.3. Platelets (10 VmW were then incu- 
bated with 03 mM BACH (Sigma) for 60 min at 
30°C The labelled platelets were washed twice 
with PBS/10 mM EDTA pH 73 and resus- 
pcnded in LPB (lysis platelet buffer) pH 7.4 (0.05 
mM Tris-HO, containing inhibitors: 10 mM 
EDTA, 5 mM NEM (/V-ethyl-maleimide, Sigma), 
1 mM PMSF (phenyi-methji-sulfonyi fluoride, 
Sigma), and 200 jLcg/raJ leupeptin (Sigma)). Bi- 
otin labelling was verified by SDS-PAGE separa- 
tion of biotinyiated platelet glycoproteins (50 fig 
of total platelet proteins), and immunoblotting, as 
previously described (Fabris et ai., 1992). 

Z4, Preparation of ndcrotiter plates 

50 of streptavidin (14 U/mg, Sigma) in 0.05 
mM carbonate buffer (pH 95) at a concentration 
of 10 jLtg/ml were added to each well of a 96-well 
flat-bottom microtiter plate (C3ostar, Cambridge, 
USA), and uicubated overnight at 4*C The wells 
were washed three times with washing buffer 
(PBS with 0,05% Tween 20, 0.5% Nonidet P40 
(NP40), and 05 mM CaQi), and blocked with 
the same buffer for 30 min at 37^*0 The plate was 
then washed three times with the buffer and 
streptavidin binding was determined by perom- 
dase-diaminodipropylamine (DAPA)-biotin 
(Sigma). Biotinyiated platelets were solubilized in 
LPB containmg 1% NP40 and stirred for 30 min 
at 25'C The insoluble material was removed by 
ultracentrifugadon at 100 000 Xg for 30 min at 
4*C, and the supernatant stored at -80*^0 Bi- 
otinyiated platelet proteins were diluted in wash- 
ing buffer immediately before use, and 50 /tl 0,5 
/ig total platelet proteins/well) were added to 
even numbered columns (test wells^ washing 
buffer alone was added to the odd numbered 
columns (blank wells). After incubation for 30 
min at 25**C, the plate was washed three times, 
and stored at 4''C for 2lnonths (the longest time 
tested without loss of binding activity). 



123 

2.5. Btotin-auidm immobilization of platelet glyco- 
proteins (BAIPG) type I 

ITie MoAbs were used at the following con- 
centrations: 13 Mg/ml LJ-P19, 2.5 Mg/ml IJ-P9, 
25 Atg/ml IJ-CP8, 2.6 Mg/ml U-IBIO, 7.0 
Mg/ml U-RA8, 2.0 Mg/ml AN51, 4.0 Mg/ml 
(XB-Thromb/l, and 1.0 Mg/ml 0KB2, Test and 
control sera were diluted 1/10 and 1/50 in wash- 
ing buffer. 50 of MoAbs, control and test sera 
were added to the wells. After incubation for 60 
min at 25*Q the plate was washed six times with 
washing buffer. 50 /il of the second anUTjody 
(alkaline phosphatase-coi^ugated goat anti-hu- 
man IgG (Fc specific) or (Sigma) sheep anti- 
mouse IgG (whole molecule) diluted 1/10000 
and 1/1000 respectively, m PBS pH 7.4 contain- 
ing 1% bovine serum albumin (BSA)) were added 
and the plate was incubated for 60 min at 25*0 
After six additional washes, 100 pil of p- 
nitrophenylphosphate (1 mg/ml in 0.05 mol/1 
carbonate buffer pH 9.8 containing 05 mmol/I 
MgQ^) were added to each well. After 60-180 
min at 25**C, the reaction was then stopped by 50 
Ml of 3 N NaOH and optical density (OD) was 
read at 405 nm (jphotometer Utertek-Multiskan, 
Flow Labs., Irvine Scotland, UK). For each sam- 
ple the OD was expressed as the difference be- 
tween the OD of the test weD and the OD of the 
control well. All sera were run in duplicate. Re- 
sults were expressed as values, i.e., the differ- 
ence in extinction (OD) values between the mean 
of test samples and blanks. 

2d Biotin-avidm immobilization of platelet ^co- 
proteins (BAIPG) type IJ 

Whole biotinyiated platelets were resuspended 
to 100000/mI in PBS pH 7.4 containing 2% BSA. 
20 X 10^ platelets were then centrifuged at 10 000 
Xg for I min and the platelet pellet was resus- 
pended in 50 ijul of test serum. After incubation 
at 3TC for 30 min, 100 /tl of PBS/BSA were 
added, and the samples were centr^ged for 1 
min at lOOOOXg. Platelets were then washed 
three times with PBS/BSA and solubilized with 
50 /l1 of TBS pH 7.4 (20 mmol/1 Tris, 0.15 moI/1 
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NaCl) containing 0.5% NP40. After 30 min incu- 
bation at 4''C, the platelets were cenuifuged at 
10000 X 5 for 30 min at and the supernatant 
was diluted 1/16 in washing buffer. 50 /li of the 
diluted supernatant were added to streptavidin- 
coated wells and the microtiter plate was incu- 
bated for 30 min at 25*'C; after three washes, the 
ELISA was performed as described above for 
BAIPG type I. 



2 7. Monoclonal antibody immobilization of platelet 
antigens (MAIPA) 



^ical Methods 278 (29P5) 121-130 
3. Results 

3.1. Platelet biotinylation 

Three main platelet surface glycoproteins were 
observed on iramunoblots of biotinamidocaproyl 
hydrazide-labelled platelets. The relative molecu- 
lar weights were 165 kDa,135 kDa and 88 kDa 
which corresponded to the molecular weight of 
GPIba, GPIIb and GPina (Fig. 1). 

J. 2. Assay conditions 



The MAIPA assay was performed as previ- 
ously described with some modifications (Kiefel 
et al., 1987). Platelets were washed three times in 
Tyrode buffer pH 6.5 supplemented with PGEj (9 
ng/ml, Sigma) and resuspended in PBS/2% BSA 
at 100000/mI. 200 ^1 of platelet suspension were 
centrifuged at 10000 for I min, the pellet was 
then resuspended in 50 /xl of test serum, and 50 
Ml of anti-GPIba and anti-GPIIb-IIIa specific 
MoAb (20 Mg/nil U-IBIO and 10 /xg/ml 0-CP8) 
were added. The platelets were then solubilized 
in TBS/0.5% Triton X-100 for 30 min at 4°C. 
After centrifugation at 10000 Xg- for 30 min at 
4°C, the supernatant was diluted 1 /4 with TBS 
washing buffer (TBS supplemented with 0.5% 
Triton X-100, 0.05% Tween 20 and 0.5 mmol/1 
CaClj) and 100 jal were added to each well of a 
microtiter plate that had been coated with 100 /aI 
of goat anti-mouse IgG (7.5 fx%/m\\ After incu- 
bation at A^C for 90 min the plate was washed 
three times, and 100 ptl of horseradish peroxi- 
dase-conjugated goat anti-human IgG (Caltag, 
South San Francisco, Ca, USA) at a 1/3000 
dilution in PBS/2% BSA were added to each 
well and the plate was incubated for 120 min at 
4*'C After five additional washes, 100 ix\ of OPD 
(0.5 mg/ml o-phenylenediamine dihydrochloride 
in 0.05 M phosphate-citrate buffer pH 5.0) were 
added. The color reaction was then stopped with 
50 Ml of 2 N H2SO4 and OD was determined at 
492 nm in a Titertek photometer. Ail sera were 
run in duplicate. Results were expressed AE 
values, i.e., the difference in extinction (OD) val- 
ues between the mean of test samples and blanks. 



To determine the optimal conditions for coat- 
ing streptavidin to the plastic wells, streptavidin 
(1 Mg/ml) was diluted in PBS pH 5.0, PBS pH 
7.4 and 0.05 mM carbonate buffer pH 9.5, respec- 
tively. Streptavidin binding to the plastic surface 
was determined by ELISA usmg peroxidase- 
DAPA-biotin. The results of this preliminary ex- 
periment showed that the carbonate buffer per- 
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Fig. 1. Fluorography pattern of biotin bydrazide-Iabeled 
platelet proteins (50 Mg) separated under non-redudng condi- 
tions by SDS-PAGE (7.59&) and transblotted onto nitrocellu- 
lose sheets. The immunoblot was neutralized, washed and 
incubated with avidin-peroxidase and a light-emitting sub- 
strate (luminoM-iodophenol) followed by contact exposure 
with X ray film. 
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mitted the greatest binding of streptavidin to the 
microtiter plates. 

The opdmal amoiints of streptavidin and 
platelet lysate was defined using increasing 
amounts of streptavidin (0.1-2 Mg/wcll) and 
platelet lysate (1-^20 /ig total platelet 
proteins/well). Coating of the platelet glycopro- 
teins was assayed by anti-GPIb and GPHb/IIIa 
CLJ-P19, LJ-P9) MbAbs and control murine anti- 
serum (OKB2), By increasing the amount of 
streptavidhi and platelet lysate, the optical den- 
sity as well as the background increased. We then 
c^ose 0,5 MS streptavidin/well and 2JS ^tg total 
platelet proteins/well as standard conditions. 

We used PBS/0^% NP40/0.05% Twcen 
20/03 mM CaQj buffer to block both the un- 
bound sites of the microtiter plates and wash the 
wells, since its use afforded a better differentia- 
tion between positive and negative samples. The 
use of 1-2 mg/ml bovine serum albumin in the 
blocking buffer did not improve the signal-to- 
noise ratio and even increased the non-specific 
binding. 

33. Platelet glycoprotein binding 

The antigenicity and the binding of biotiny- 
lated glycoproteins to the immobilized strepta- 
vidin were tested by murine MoAbs against the 
main platelet-surface glycoproteins. We tested 
U.P19, U-IBIO and ANSI (anti-GPIbor), LJ-P9 
and U-CP8 (anti-GPIIb/nia complex), CLB- 
Throrab/1 (anti-GPIIIa), LJ-RA8 (anti-GPIX) 
and 0KB2 (CD24, as negative controO. Each 
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MoAb was run in both blank wells (streptavidin 
only), test wells (streptavidin phis biotinylated 
platelet proteins) as shown in Table 1. The 4E 
between test and blank wells was 1.368 (LJ-P19), 
0.487 CAN5I), and 0.270 (U-IBlO) using MoAbs 
against GPIb. Anti-GPIIb/nia MoAbs showed 
AE values of 0.610 (LJ-CP8) and 0570 (Lr-P9), 
respectively. Using MoAbs specific for GPIIIa 
(CLB-Thromb/1) and GPK (LJ-RA8) die AE 
values were OJIO and 0.400, respectively. 

The BLISA g^ve a low signal when biotiny- 
lated or non-biotinylated platelet proteins were 
coated directly to the wells lacking streptavidin or 
when the wells coated with streptavidin were 
incubated with non-biotinylated platelet proteins 
(data not shown). Hiese experiments showed that 
the formation of the streptavidin-biotin complex 
was essential for the immobilization of platelet 
antigens to the solid phase. 

3.4. BAIPG type I 

Positive control sera included two anti-HPA-la 
antisera with different amounts of anti-platelet 
antibody. A titration experiment is shown in Fig. 
2. 

Anti-platelet antibodies were demonstrable in 
seven out of 33 ITP patients (^1%), one out of 
ten Srr patients (10%) and four out of 17 iSTIT 
patients (24%). 21 sera were negative while in- 
consistent findmgs were observed in 27 (45%) of 
the 60 patients due to a high binding of serum 
XgG to the blank wells, as shown in Table 2. This 
non-specific binding was observed even when 



Table 1 

Blndins of anti-platelet monodonals to biotinylated siabstycoproteins immobilized to streptavidin <oated microtiter wells 

MoAbs (fig/mS) Blank well (streptavidin) Test well (streptavidin + biotinylated 

' (OD405nm) platelet proteins ) (OD 405 nm) 

Blank oiSfi 0^6 

0KB2 (negative control) 1.0 0.237 0316 

Lr-P9(antiGPnb-ma) %5 0.187 0.75? 

U-CP8 (anti-GPHb-nia) Z5 0.115 0.735 

U-P19(anti-GPIba) 13 0.156 1^524 

U-IB10(anti-GPn>a) 2j6 0.139 0.410 

U-RAS(antW5PIX) 7.0 0.200 Q.61Q 

AN51(anti<jPn3a) ZO 0.106 0393 

CLB-THR.1 (anti-GPHIa) 4.0 0.115 0.425 
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Sorum Reciprocal Dilution 

Fig. 2. Reactivity of nonnal serum and two anti HPA-la sera 
in the BAIPG assay type L Sera were applied to microliter 
wells previously coated with streptavidin plus biotinylated 
platelet surface slaloglycoprotelns. Binding was monitored by 
ELISA using alkalinc*phosphatase conjugated goat anti-hu* 
man IgG (Fc specific) and the appropriate substrate. OD was 
read at 405 am. 



Streptavidin was omitted and thus should be due 
to the direct binding of serum IgG to the plastic 
surface. The use of albumin in the blocking or 
washing buffer and the use of different plastics 
did not reduce this binding. 



Table 2 

Optical density values at 405 nm obtained by BAIPG assay 
type I using control sera and the sera of nine patients with 
ITP I/IO diluted 



Blank well (streptavidin) Test well (strepL + 
biotinyiated 
platelet proteins) 



Blank 


0.051 ± 0.032 (M±SD)« 


0,068 ±0.058 


Normal serum 0.133^:0.019 


0.206±OX)58 


HPA-la 


0.189 ±0.047 


1.384 ±0.253 


ITP4 


0.857 ^ 


0.950 


ITP 6 


1.187 


1.275 


ITP 8 


1.014 


0.916 


ITP 10 


0.617 ^ 


0.522 


ITP 14 


0.171 


0.425^ 


ITP 2 


0.360 


0.670 « 


ITP 23 


0,511 


1.043' 


rrP 24 


0.171 


0.637 


ITP 25 


0.137 


1.278 « 



ITP 4-6-8-10 sera showed a high OD signal in conUol wells. 
ITP 14-21-23-24-25 sera showed a high OD value in test wells 
only and were considered as positive. 

Mean ± standard deviation of fhre different experiments. 

High background, 
^ Positive sample. 

15. BAIPG type n 

In BAIPG type II, biotinylated platelets were 
sensitised with serum before platelet solubiliza- 
tion and the immune complex was then immobi- 



Table 3 



Optical density values obtained by BAIPG assay type II usmg control sera, sera of seven patients with ITP (1/10 diluted) and 
monoclonals against platelet glycoproteins lb and Ilb-IlIa 





Optical density 405 nm 




Optical density 405 nm 


Blank 


0.111 ±O.OU(M±S0)» 


Blank 


0,102 ±0.015 


Normal serum 


0.139 ±0.028 


OKB2 (neg. control) 1 MS/ml 


0.105 ± 0.020 


HPA-la low titre 


0.760 ±0.059 


U-P9 (anti.OPIIb-nia) 10 ^g/ml 


0i62± 0.039 


HPA-la high titre 


2.192 ±0.293 


LJ-CP8 (anti-GPIIb-IIIa) 10 M8/ml 


0.474 ±0.033 


ITP4 


0.455 


U^P19 (anti-GPIba) 20 /ig/ml 


0.404 ±0.028 


ITP 6 


0.697 


ITP8 


0.508 






ITP 10 


0.331 






ITP 14 


0.455 






ITP 21 


0.195 






ITP 23 


0.391 






ITP 24 


0.453 






ITP 25 


0.261 







The ftlkaline-phosphatase conjugated second antibodies were respecth^ely goat anti-human and sheep anti-mouse IgO. 
Mean ± standard deviation of five different experiments. 
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lized to the streptavidin-coated wells. The consti- 
tution of the trimolecuiar complex fonned by 
platelet reac^e antibody, biotinjiated glycopro- 
teins and streptavidin was verified using two anti- 
HPA-la antisera with different amounts of anti- 
platelet antibody, normal and patient sera or 
murine MoAbs against the platelet GP lb and 
Eb-ma (Table 3). Anti-platelet antibodies were 
demonstrated in 13 out of 33 FTP patients (39%), 
in six out of ten SIT patients (60%) and in three 
out of 17 NTT patients 07%). The prevalence of 
reactive platelet antibodies in the 43 patients with 
immune thrombocytopenia was 44%. 

3,6. MAIPA 

Hie MAIPA assay was performed using 
MoAbs specific for GPIb (U-IBIO) and 
GPnb/nia complex (LJ-CP8), Reactive platelet 
antibodies were detected in 16 (37%) out of 43 
patients with immime thrombocytopenia. Among 
ITP patients, four had anti-GPIb antibodies, five 
had anti-GPnb/nia antibodies, and three had 
both types of antibody. Among the SIT patients, 
three had anti-GPIb antibodies and one had 
anti-GPIb and GPHb/HIa antibodies. Only one 
out of 17 patients with NTT had anti-GPIIb/IUa 
antibodies. 

Hie association between the positive and neg- 
ative results obtained by RAIPG type I and n 
and MAIPA assays was tested using the 
method Clables 4 and 5). 

The association between BAIPG type I and II 
readied statistical significance the sera with high 
backgrounds when tested by BAIPG type I were 
included as i>ositive (BATPG type I/type II: - 



Table 4 

Oondngency table of the results obtained using BAIPO tyj^e I 
and type n assays for the detection of serum anti-platelet 
antibodies 



BAIPG type n 


BAIPG type I 




Total 




Positive * 


Negative 




Positive 


20 


2 


22 


Negative 


19 


19 


38 


Total 


39 


21 


60 



Table 5 

Contingency table of the results obtained using BAIPG type 
n and MAIPA assays for the detection of serum anti-platelet 
antibodies 



MAIPA 


BAIPG type n 
Positive 


Negative 


Total 


Positive 


11 


6 


17 


Negative 


n' 


32 


43 


Total 


22 


38 


60 



10.25 p < 0.002). The relationship between 
MAIPA and BAIPG type II was also statistically 
significant (MAIPA/BAIPG type 11: ;t^ = 8.03 
p< 0.005). 



4. Discussion 

None of the assays devised to detect anti- 
platelet antibodies have been fully satisfactory, 
nevertheless, the recentiy developed procedures 
have shown that GPIIIa (Van Leeuwen et al., 
1982). GPIIb (Tomiyama et al., 1987), GPIb 
(Woods et al., 1984) and GP V (Strieker and 
Shuman, 1986) cany the main antigens involved 
in platelet immune destruction. 

The techniques based on solid-phase immobi- 
lization of platelet glycoproteins by MoAbs repre- 
sent the newer generation of tests to detect spe- 
cific anti-platelet antibodies. The sensitivity of 
these assays in the detection of plasma autoanti- 
bodies is about 60% (McMillan, 1990). Several, so 
called 'capture' assays, are currently in use: (1) 
the monoclonal immobilization of platelet anti- 
gens assay (MAIPA) (Kiefel et al., 1987); (2) the 
immunobead assay (McMillan et al., 1987); (3) 
the modified antigen capture EUSA (MACE) 
Oshida et al., 1991) and (4) the bead-immobilized 
platelet antigen (BIPA)-anuT)ody assay (Loligcr et 
al., 1993), but all are variations on a theme. 
Although these tests are simple to perform, they 
reqmre MoAbs against the different glycopro- 
teins and thus only detect antibody reactivity 
against those glycoproteins for whidi MoAbs axe 
available; this constitutes a limitation. 
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We describe a new capture assay based on the 
spedfic interaction of biotinylated platelet glyco- 
proteins with streptavidin-coated microliter 
plates. Streptavidin's interaction with biotin is 
characterised by the highest association constant 
yet reported {K^ « 10" (Green, 1975). This 
interaction is so strong that the protein-linked 
biotin is available for binding to avidin (WUchek 
and Bayer, 1990) and the complex is not dis- 
turbed by multiple washings. Tht streptavidin- 
biotin complex can then be used as a bridge 
system to immobilise the platelet proteins in a 
solid phase that can be used in an ELISA proce- 
dure to measure platelet-specific antibodies. 

Platelet membrane sialoglycoproteins can be 
easily biotinylated using NaI04 to convert sialic 
acid residues into aldehyde groups, which are 
then allowed to react with biotin hydrazide. Im- 
munoblots of biotin hydrazide-labelled platelet 
glycoproteins revealed satisfactory resolution of 
GPIb, GPIIb and GPIIIa. 

Streptavidin immobilization to the solid phase 
and the following binding with biotinylated 
platelet antigens are the prerequisites for platelet 
antibody detection by the BAIPG assay. In fact, a 
low signal was generated in ELISA when biotiny- 
lated or non-biotinylated platelet proteins were 
coated directly to the plastic wells and similar 
results were obtained when non-biotinylated pro- 
teins were added to the wells coated with strepta- 
vidin. As previously described (Fabris et al., 1992), 
biotinylation does not modify the antigenic prop- 
erties of the surface glycoproteins that via biotin 
can bind to streptavidin-coated wells and react 
with the antibodies. Low amounts of glycopro- 
teins are used in our BAIPG assay; indeed by 
adding 2.5 /tg of platelet proteins to the mi- 
croliter well coated with 0.5 MS of streptavidin, 
about 50 ng of biotinylated platelet glycoproteins 
are immobilized. The platelet glycoproteins Ibor, 
lib, lUa, and IX that bear the main platelet 
specific antigens were immobilized to the solid 
phase as shown by the binding of specific anti- 
platelet MoAbs. 

In type I BAIPG, control and patient sera 
were tested directly against platelet glycoproteins 
that were previously immobilized to streptavidin 
coated wells. To avoid false positives due to non- 



specific binding to the plastic surface, we tested 
each serum, in a blank well coated only with 
streptavidin and in a test well coated with strep- 
tavidin plus biotinylated platelet protehis. Using 
BAIPG type I, positive results were obtained in 
19% of patients suffering from immune thrombo- 
cytopenia while 45% of the sera yielded high 
absorbance values in both blank and test wells. In 
the immunoassay procedure, the non-specific 
binding of antibodies to reactive plastic sites is 
generally reduced by addition of bovine serum 
albumin in blocking and sample dilution buffers. 
Our data showed that the use of serum bovine 
albumin did not eliminate the background and 
suggested that albimiin was even harmful. Similar 
observations were recently reported by Landgraf 
et al. (1991). The addition of detergents to the 
buffer led to a reduction of non-specific binding 
even if its use did not completely eliminate the 
background. We also considered whether the high 
non-specific binding might be due to the presence 
of IgG aggregates in sera stored at -20°C for 
prolonged periods of time (more than 1 year) as 
reported by Karpatkin et al. (1992), However, 
neither serum storage at 4°C nor its filtration 
through a 0.22 /im filter influenced the non- 
specific binding. 

To avoid the binding of serum IgG to the 
plastic surface, we performed the BAIPG type II 
assay. In this assay the sera were incubated with 
biotinylated platelets before platelet lysis and the 
immunocomplex was then immobilized to strepta- 
vidin coated wells. This approach permitted a 
sensitive differentiation between negative and 
positive samples. 

Using the BAIPG type II assay, positive results 
were obtained in 44% of patients suffering from 
immune thrombocytopenia. There are two differ- 
ent explanations for the greater positivity ob- 
tained by BAIPG type II. First, the sensitisation 
of whole platelets with the antibodies prevents 
the loss of the epitopes which might be destroyed 
during platelet lysis (McMillan et al., 1987). Sec- 
ond, the washes after platelet sensitisation re- 
move the 'non-specific* IgG that interfere with 
the BAIPG type I. However 16 out of 27 sera 
(59%) which showed high background activity 
when tested by BAIPG type I, were positive using 
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BAIPG type n and the assodation between these 
two assays reached statistical significance when 
the sera with higb background were included as 
positive. 

Like the 'capture' assays, BAIPG type II is 
based on the detection of trimolecular complexes 
formed by platelet reactive antibcKiy, biotinylated 
sialogiycoproteins and streptavidin* The percent- 
age of positivity obtained testing sera of patients 
with immune thrombocytopenia by BAIPG type 
n was comparable to that obtained by others 
capture assays (McMiliian, 1990) and was signifi- 
cantly related to the results obtained with the 
MAIPA reference method. The BAIPG assay is 
rapid, specific, reproducible and does not reqiiire 
the use of expensive monoclonal reagents. How- 
ever, since the positive result obtamed with this 
procedure requires further characterisation of the 
antibody specificity by MAIPA, imnranoblot or 
inmnmopredpitation, the method is proposed as 
a screening capture assay before the use of phase 
ni methods. 
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